Abstract: Two new taxa of gut fungi within order Harpellales (Kickxellomycotina) are described from a stream in the Tianshan Mountains in northwestern China. These include the new genus and species, Sinotrichium chironomidarum J. Wang, S.Q. Xu & Strongman, and the new species, Stachylina tianensis J. Wang, S.Q. Xu & Strongman, both living in the guts of aquatic chironomid larvae. We also extend the geographic range of Smittium rupestre, previously known only from Australia. A Harpellid specimen not fully identified and a species of Paramoebidium (Amoebidiales) also are documented.
INTRODUCTION
Trichomycetes are an ecological group of microorganisms that live symbiotically in the digestive tract of the arthropod classes Insecta, Crustacea and Diplopoda (Lichtwardt 1986 , Hibbett et al 2007 . The majority of arthropods known to be associated with these gut fungi live in freshwater habitats; these include larvae of a number of families of flies (Diptera), mayflies (Ephemeroptera), stoneflies (Plecoptera), caddisflies (Trichoptera) and beetles (Coleoptera). Adults of some terrestrial isopods, diplopods, springtails (Collembola) and diverse marine crustaceans are known to house trichomycetes in their intestinal tract (Lichtwardt et al 2001) .
The known worldwide distribution of trichomycetes includes all continents except Antarctica (Lichtwardt et al 2001) . The majority of trichomycetes have been described from Europe and the United States and are still poorly known from China. The first report of these endosymbionts in China was the occurrence of Harpella melusinae Leger & Duboscq, on the peritrophic matrix of black fly larvae (Adler et al 1996) . Chien and Hsieh (2001) reported trichomycetes in orders Eccrinales and Asellariales from freshwater, terrestrial and marine arthropods in Taiwan. The latest was a report describing three species of Smittium, S. naiadis Strongman & S.Q. Xu, S. nodifixum Strongman & S.Q. Xu and S. chinliense Strongman & S.Q. Xu, from Qinling Mountains near Xi'an, the capital of Shaanxi Province, and several other trichomycete species that were new geographic records for the country (Strongman and Xu 2006) .
In this paper we present a taxonomic study and information on the ecology of trichomycetes from aquatic insects in Houxia area, Tianshan Mountains, about 80 km from Urumqi, Xinjiang Province, in northwestern China. We describe a new genus and species of a trichomycete in order Harpellales. We also record previously known species for the first time from China: Smittium rupestre Lichtw. and possibly a Lancisporomyces sp. or Genistelloides sp. (FIG. 1) . Hosts including Ephemeroptera, Diptera and Plecoptera were collected from gravel or rocky cobblestone bottoms in fast flowing water by disturbing the substrate and collecting released arthropods in an aquatic net downstream (kicksampling) (Lichtwardt et al 2001) . Living larvae were kept in collecting bags placed on ice for transport to the laboratory. In the laboratory the peritrophic matrix (in dipterans) and hindgut of all insects were dissected in distilled water, with the aid of forceps and needles. Slides (wet mounts) were examined with phase-contrast microscopy, and any trichomycetes present were photographed. Semipermanent voucher slides were made by fixing and staining with lactophenol-cotton blue and sealing the cover slip with clear nail polish (Lichtwardt et al 2001) . nov.
Mycobank MB 513199
Thallus densus regularitim ramosus; trichosporae cylindricae, collo basi appendiceque singulari longa instructae. Zygosporae biconicae, ad zygosporophora oblique affixae, collum et appendices multiplices grossas ferentes. Ad cuticulam proctodaei larvarum chironomidarum affixus.
Dense, regularly branched thallus, trichospores cylindrical, with a collar at the base and one long appendage. Zygospores biconical, attached obliquely to the zygosporophores, with a collar and multiple coarse appendages. Attached to hindgut cuticle of chironomid larvae.
Etymology. From the Greek ''Sina'' referring to the country of origin (China) and ''trichos'' in reference to the hair-like appendages on the zygospores.
Type species. Sinotrichium chironomidarum J. Wang, S. Xu & Strongman. Commentary. Sinotrichium chironomidarum has long cylindrical trichospores, with a collar and a single appendage (FIG. 5) that resemble those of Smittium gigasporus M.C. Williams and Lichtw. (Williams and Lichtwardt 1984) . However S. gigasporus typically has a medial swelling while S. chironomidarum trichospores are cylindrical and generally longer. In addition S. chironomidarum trichospores are similar to the large trichospores in both of the dimorphic species S. pseudodimorphum L.G. Valle and Santam. and S. heterosporum L.G. Valle and Santam. (Valle and Santamaria 2004) but there is no evidence of dimorphism in S. chironomidarum. The zygospores of S. chironomidarum have multiple appendages , while the zygospores of all described Smittium spp. have only one appendage (Misra and Lichtwardt 2000) . Trichozygospora chironomidarum has biconical zygospores with multiple appendages similar to S. chironomidarum, but the trichospores of T. chironomidarum are small and ellipsoidal with many fine appendages (Misra and Lichtwardt 2000) .
In this new species asexual and sexual spores were not observed together throughout most of the life cycle. Trichospores are rare or absent when zygospores are produced, but both trichospores and zygospores might be needed for an accurate identification of S. chironomidarum and segregation from Smittium spp. procreans. Trichosporae longi-ellipsoideae, 55-90 3 7-10 ìm, appendice singulari et collo brevissimo instructae, in prominentiis-parvis lateralibus a cellula sporogena prodientes, prope septum. Zygoporae non observatae. In membrana peritrophica larvarum chironomidarum.
Stachylina tianensis
Thallus 130-350 3 10-15 mm, with a lobulate, bulbous base that penetrates the peritrophic matrix, producing 4-25 trichospores. Trichospores long-ellipsoidal, 55-90 3 7-10 mm, with a single appendage and a short collar, produced on small lateral projections from the generative cell, near a septum. Zygospores not seen. On peritrophic matrix of chironomid larvae.
Specimens examined. Commentary. Including this new species, there are six species of Stachylina with the holdfast penetrating the peritrophic matrix (Lichtwardt et al 2001) , but S. tianensis differs from the other species in a number of features. All Stachylina spp. with penetrating holdfasts can be separated from S. tianensis by trichospore length (Lichtwardt 1973 (Lichtwardt , 1984 Williams 1983, 1990) . Stachylina stenospora Siri M.M. White and Lichtw. and Stachylina grandispora Lichtw. have trichospores in the same size range but the thalli FIGS. 12-13. Unknown harpellid fungus, possibly either Lancisporomyces falcatus or Genistelloides communis. Bar 5 20 mm.
of these fungi do not penetrate the peritrophic membrane as does S. tianensis (Lichtwardt 1972 , White et al 2006 . The shape of the trichospores and thalli of S. tianensis (FIGS. 8-11) are similar to the description for Stachylina magna Indoh, Lichtw. and Kobayasi, but the trichospore size is variable (30-80 3 6.5-15 mm), the thalli are larger and the holdfast does not penetrate the peritrophic matrix (Lichtwardt et al 1987) , as in S. tianensis.
Other species.-Aside from the new species, the Harpellid Smittium rupestre is recorded from China for the first time. Smittium rupestre was described from Australia (Lichtwardt and Williams 1990), and our collection from Tianshan Mountains in northwestern China fits the description well. We did not find zygospores, but the characteristics of trichospores and thalli match otherwise. This record extends the range of S. rupestre to China.
A species of Harpellales collected from stonefly nymphs might be Lancisporomyces falcatus Strongman and M.M. White or Genistelloides communis M.M. , but given the overlap in trichospore features in these two species positive identification is difficult without zygospores (Strongman and White 2006, White and Lichtwardt 2004) . We also collected protistan trichomycetes, Paramoebidium spp., from the hindgut of Ephemeroptera, Plecoptera nymphs and Diptera larvae. These endosymbionts occur commonly in the hindgut of insects but remain unidentified due to insufficient characters being available.
DISCUSSION
In this paper we describe a new genus and species, Sinotrichium chironomidarum, and a new species, Stachylina tianensis, from chironomid larvae. Genus Smittium is large and complex, composed of at least 75 species with a great deal of overlap in spore dimensions and other characteristics used to define species. However the medial swelling in most trichospores and the single appendage in both trichospores and zygospores are consistent within the genus (Lichtwardt et al 2001) . Sinotrichium, with its long cylindrical trichospores bearing one appendage and the conspicuous zygospores, which have multiple appendages, is sufficiently different to warrant erecting a new genus to accommodate species with this combination of traits. Further study of Smittium spp. might reveal that there are logical divisions within the complex of species that now are assigned to the genus (Lichtwardt et al 2001) and S. chironomidarum would be interesting to include when addressing the taxonomy of this large group. Genera Austrosmittium and Furculomyces have spore types similar to Sinotrichium, and they are all from Diptera. Genus Austrosmittium has oval trichospores and biconical zygospores with only one appendage (Williams and Lichtwardt 1990) , which distinguishes these species from S. chironomidarum. Furculomyces has characteristic boomerang-shape zygospores formed from two furculum-like conjugating branches, which is different than all other trichomycete species (Lichtwardt and Williams 1992) .
The results of this survey including different habitats along one river suggest that other unexplored areas in China are rich in trichomycetes and there is a need for more collecting to discover and record them.
